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ting mechanism la provided in such a manner that its 
output can direcfiy be output to the outsida In addition, 
the hydraulic pump (1 1) and the hydraulic motor (1 2) of 
the hydraulic power transmitting mechanism are of a 
variable tfspiacement type, and a directly coupled 
dutch (30) is interposed between a motor output shaft 
(1 4) of the hydraulic power transmitting mechanism and 
the output shaft {24) of the mechanical power transmit- 
ting meonanjsrtL 
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Description 

TECHNICAL FIELD 

The present invention relates to a hydroHmechanl- 
caJ transmission which can be preferably used as a 
transmission of a wheeled hydraufic excavator or the 
(Ike. 

BACKGROUND ART 

Transmissions of the mechanical type, the hycfcauGc 
type (so-called an HST), the riydro-mecrtanteal type, the 
beft type, and the (Ike are generally known. Further, the 
types are classified, respectively. For example, the 
mechanical type is classified into the sliding -mesh type, 
the constant-mesh type, the ^yncfrornesh type, the 
planetary gear type, and the Eke* 

Among the various transmissions, the hydro- 
mechanical transmission has a hydraulic power trans- 
mftrtng mechanism operated by a hydraufic pump and a 
hydraulic motor and a mechanical power transmitting 
mechanism using gears, which are swtahaWy used. 
The speed of input rotation is changed and resultant 
rotation can be generated. Hydros echanical transmis- 
sions as shown below are recently known, fn which the 
hydraulic power transmitting mechanism by which a 
high torque can be obtained ts used at the time of tow- 
Speed output and the mechanical power transirritting 
mechanism by which high transmission efficiency can 
be obtained is used at the time of high-speed output 

(1) Acoorcfing to a hydro-mechanicaJ transmission 
disclosed in Japanese Patent Application Lald- 
Open No. £44315 (the prior proposal by the appli- 
cant of the present invention), two planetary gear 
mechanisms are camrnonly used by a mechanical 
power transmitting mechanism and a hydraulic 
power transmatmg mechanism and lour direcUy- 
coupled clutches are used, thereby enabling for- 
ward and reverse nydrauHo travel at the 1st to 3rd 
speeds each and forward and reverse mechanical 
travel at me 1st to 3rd speeds each to be switched, 

(2) According to a hydroHnechanlcal transmission 
cfestased in Japanese Patent Application Laid- 
Open No. 6-159474, four counter-shaft clutches are 
commonly used by the mechanical and hydraulic 
power transmitting mechanisms and two directly- 
coupled dutches are used, so that reverse hydrau- 
lic travel at the 1st speed in the event of deadhead- 
ing a vehicle and forward starting hydraufic travel 
and forward meohanfcal travel at the 1st to 4th 
speeds, and forward hydraufic travel at the 1st to 
4th speeds in the event of travel tor work be 
switched. 

A mobile vehicle separately having a working 
machine hydraulicaily driven, for example, a wheeled 



hydraulic excavator, has extremely many chances to 
foDy drive the working machine while the vehicle drives 
at low speed, tt is also requested to move at high speed 
on highways. When the hydro-mechanical transmission 

5 Is mounted on such a mobile vehicle, the for- 
warovreverse travel can be efficiently switched by using 
the hydraulic power transmitting mechanism at the time 
of low speed travel. What Is more, the hydraufic power 
transmitting mechanism has variable displacement 

10 hydraulic pump and motor Dke the HST, There are also 
advantages that the vehtde can start with a high torque, 
perform the non-stage transmission, and distribute a 
large hyefrautte power for the working machine irrespec- 
tive erf driving speed. On me other hand, when the vehi- 

15 c^drivee at high speed, there Is also an advantage that 
the travel with high trans mi ss ion efficiency can be real- 
ized by using the mechanical power transmitting mech- 
anism. 

With respect to the rxmventional hydro-mechanical 

so transmissions, however, whether the hydraulic pump 
and the hydrauOo motor of the hydraulic power transmit- 
ting mechanism are of a variable displacement type or 
not is not written. When it is assumed that the hydraulic 
pump and motor are of the variable displacement type, 

23 ©nee tha speed can be changed in a non-stage manner, 
the purpose of the description of the examples that 
"gears are shifted at a multi-stage by two planetary gear 
apparatus and four a>urrter-shaft dutches" ta unclear, h 
the examples, although a number of direcfly-coupled 

so crutches are used so that the hydraulic travel m which 
the speed is changed at me multi-stage end the 
mechanical travel in which the speed is changed at the 
multistage can be switched, this makes the construe- 
to complicated, K cannot be sad that the conventional 

35 techniques use most of the above-mentioned advan- 
tages of the hydro-mechanical transmission. 

DISCLOSURE OF INVENTION 

40 t\ consideration of the problems of the conventional 
techniques, it is an object of the Invention to provide a 
hydro-mechanical transmission which can use most of 
its advantages with a simple constructioa 

According to the invention there is provided a 

45 hydro-mechanical transmission in which a hydraulic 
power transmitting mechanism having a hydraulic pump 
and a hydraulic motor end a mechanical power transmit- 
ting mechanism using gears are swftchariy used, the 
speed of input rotation Is changed, and the resultant 

so rotation Is generated, wherein the mechanical power 
transmitting mechanism has at least one planetary gear 
mechanism, an output shaft of the mechanical power 
transmitting mechanism is provided in such a manner 
that fts output can be directly generated to the outside. 

55 toe hydraulic pump and the hydraulic motor of the 
hydraulic power transmitting mechanism are of a varia- 
ble displacement type, and a direcUy-ooupied clutch is 
Irtorposed between a motor output shaft of the rrydrau- 
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Gc power transmitting mechanism and the output shaft 
of the mechanical power transmitting mechanism. 

Trredtrectrysxiupled dutch is arranged in a position 
high erthan the level of & lubricating oil in a transmission 
case having therein the cSradry-coupled clutch. 5 

More specrflcafly. to a hydro-mechanicaJ transmis- 
sion in which a hydraulic power transmitting mechanism 
having a hydraulic pump and a hydraulic motor and a 
mechanical power transmitting mechanism using gears 
are switchably used, the speed of input rotation is 10 
changed, and the resuttent rotation is generated, the 
mechanical power transmitting mechanism has first and 
second planetary gear mechanisms* an output shaft of 
the mechanical power transmitting mechanism Is so 
prove! ad as to generate an output dnrectty to the out* w 
side, the hydraulic pump and the hydraulic motor of the 
hydraulic power transmitting mechanism are of a varia- 
ble displacement type, one rotation dutch is interposed 
b&w&n an output shaft of trio hydraulic power trajxrnit- 
ting mechanism and the output shaft of the rnochanical so 
power transmitting mechanism, and the rotation dutch 
is arranged in a posffion higher than the level of a lubri- 
cating oil in a transmission case having therein the rota- 
tion dutch. 

According to tie construction, by using the plane- 26 
tary gear mechanism in the mechanical power transmit- 
ting rnechanism. a large reduction ratio can be obtained 
at the first speed or at the multi-speed In a small space, 
Since the hydrauSo pump and tie hydraulic motor of the 
variable displacement type are used in the hydraulic 30 
power transmitting mechanism, the speed can be 
changed only by me mechanism itself. Only one 
directly-couplad clutch (rotation dutch) is used and con- 
nected, thereby switching an output of the mechanical 
power transmitting mechanism to an output of the ^ 
hydraulic power transmitting mechanism, and the output 
is generated to the outside. As a result of the organic 
coupling, when the tfiredry-coupied dutch is connected 
and the output rotation of the rr/tirautic power transmis- 
sion is used as an output 10 the outside, a desired power 40 
can be supplied to another actuator having the same 
driving source Irrespective of ths rotational speed 

Since the hydraulic power transmitting mechanism 
itself can change ths speed continuously variably, it is 
unnecessary to alow plurality of planetary gear devices ** 
or counter-shaft crutches to be commonly used by the 
hydraulic and mechanical power transmitting mecha- 
nisms and it is unnecessary to shift the speed at the 
multistage in both of the hydraulic and mechanical travel 
ft* in the corrventional technique. Only the mechartfcaJ so 
power trarrsmming mschanfsm can change tha spsad at 
multistage irrespective of the hydraulic power transmit- 
ting mechanism. Consequently, the plurality of fflrecfiy- 
coupled dutches required fn the conventional technique 
to change the speed of the hydraulic and mechanical ss 
travel at multistage are not needed. Only one directly- 
coupled dutch is therefore used Thus, the size d the 
construction is reduced, and moreover, the advantages 
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of the hyoYo-mechanica] transmission can be most 
used. 

Further, the alrecUy-coupled dutch is provided in a 
position higher than the level of the lubricating oft the 
lubricating oil is not agitated by the olrectly-ooupled 
dutch. Consequently, inconveniences such as deterio- 
ration in the power transmission efficiency, bubbling of 
the lubricating Oil, and the like are eliminated. 

The effects of the hydro-machanlcal transmission of 
the invention wiD be summarized as follows. 

(1) Forward and reverse outputs (forward and 
reverse travel In case of a vehide) can be efficiently 
switched by the hydraulic power transmitting mecrv 
an&n 

(2) When the discharge of the pump is increased 
and the displacement of the motor is contrarify 
decreased, the hydro-mechanical transmission 
itself can generate a rotation at a crawling speed 
while fully operating the drive system except for the 
hydro-mechanical transmission. 
(S) When the discharge of the pump is decreased 
and the displacement of the motor is corttrarBy 
increased, a rotation at a crawling speed can be 
generated with a high torque. When there is a drive 
system in addition to the hydro-mechanical trans- 
mission, for example, a flow control valve Is addi- 
tionally provided in a hydraulic cfrcurt When the 
flew rate to the mrjtor ia r^strictrf 
valve h a state when* the discharge of the pump is 
increased and the ctisplacemert of the motor is also 
Increased, most of the flow rate from the pump can 
be sent to the drive system except tor the hydro- 
mechanical transmission to fully operate the drive 
system. Meanwhile, the hydro-mechanical trans- 
mission itself can output a rotation at a crawling 
speed with a high torque. 

(4) Since the hydraulic output and the mechanical 
output can bd switched by only on 0 directly-coupled 
dutch, a compact hydro-mechanical transmission 
can be realized 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. lea diagram taken along line H of Fig. 2, illus- 
trating the gear skeleton of a hydro-mechanical 
transmission according to en embodiment of the 
invention; and 

Fig. 2 is a vertical section of the hydro-mechanic&l 
transmission according to me embodiment of the 
Invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A hydro-mechanical transmission according to an 
embodiment of (he invention wiB be described in detail 
with reference to Figs. 1 and 2. 

In Fig. 1, a hydrr>medianical transmission 2 i$- 
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mounted on a wheeled hydraulic excavator (hereinbe- 
low, called a hydraulic excavator) which Is not shown. 
Necessary amounts of power of an engine 1 driving the 
hydraulic excavator are distributed to the hydro- 
mechanical transmission 2 and a worWng machine 3, s 
respectively. 

The hydro^echanical transmission 2 has a 
hydraulic power transacting mechanism 1 0. a mechan- 
ical power transmitting mechanism 20, and a directly 
counted dutch 30. The mechanical power transmitting 10 
mechanism 20. the directly coupled dutch 30, and a 
pan of the hydraulic power transmitting mechanism 10 
are housed In a transmission case 26. The details are 
asfoDows. 

The hydraulic power transmitting mechanism 10 is is 
constructed by a variable emplacement hydraulic pump 
11 (herernbelow. called a pump 1 1), a variable displace- 
ment hydraulic motor 12 (herBinbetow. called a motor 
12). and an oil path 13. In the pump 11, an Instruction 
S1 controlled by a mi cr o com puter by an instruction of co 
the operator and a working state of the working machine 
3 is received by a servo mechanism and the dispJaco- 
ment is varied so that a necessary proper quantity of oil 
according to me instruction Si is dscharped. In the 
rrotor 1 a an instruct on S2 from the operator, the micro- zS 
computer, and the like is received by a servo mecha- 
nism and the emplacement is varied so as to obtain a 
necessary proper torque according to the instruction 
$2. The pump 11 and (he motor 12 ere Installed on a 
face opposite to the face on which the engine 1 is so 
mounted in the transmission case 26, thereby reducing 
the Bire of the hydro-mechanical transmission 2. 

The mechanical power transmitting mechanism 20 
receives the rotational force from the engine 1 on one 
end and has a main shaft 21 iordn'vhigthepump 11 on ss 
the other end. Sun gears 22a and 23a of fast and sec- 
ond planetary gear mechanisms 22 end 23 are fixed to 
the main shaft 21 . A planet carrier 22b of the first plan- 
etary gear mechanism 22 and a ring gear 23c of the 
second planetary gear mechanism 23 are integrally to 
coupled and a planet carrier 23b of the second plane* 
tary gaarmechantem 23 Is connected to an output shaft 
24. The output shaft 24 "0 connected to a drive shaft (not 
shown) and transmits the output rotation via a differen- 
tial gear, a final reduction gear, and the lite to wheels, 
thereby allowing the hydraulic excavator to drive. 

The rotational speed of the output shaft 24 obtained 
by idfmg the ring gear 22c of the fust planetary gear 
mechanism 22 and fixing the nng gear 23c of the sec- 
ond planetary gear mechanism 23 10 me transmission 50 
case 26 is consequently lower than the rotational speed 
of the output shaft 24 obtained by fixing the ring gear 
22c of the first planetary gear mechanism 22 to the 
transmission case 26 and idling the ring gear 23c of the 
second planetary gear mechanism 23. ss 

In the embodiment hydraunc fluid is sent from a 
hydraulic circuit (not shown) to a dutch 23d. the ring 
gear 23o is fixed to the transmission case 26. the 
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hydraufc fluid from a dutch 22d is drained, and the ring 
gear 22c is idled, thereby achieving the low-speed rota- 
tion of the output shaft 24. On the contrary, the ring gear 
22c is hxed to the transmission case 28 by sending the 
hydraulic fluid from the hydraulic circuit (not shown) to 
the clutch 22dand the ring gear 23c is idled by draining 
the hydraulic fluid of the dutch 23d. thereby achieving 
the high-speed rotation of the output shaft 24. The 
hydrautio fkrid is supplied or drained to/from the dutches 
22d and 23d by a gear shift lever at the operator's seat 
or an instruction from the multicomputer. 

The output shaft 14 of the motor 12 ol the hydraulic 
power transmitting mechanism 10 Is provided with a 
rotation clutch 30 which interrrdttenfly transmits the rota- 
ton to the output shaft 24 of the mechanical power 
transmitting mechanism 20. On me basis of the instruc- 
Hon by the gear shift* lever of me operator's seat or from 
the microcomputer or the (Ike. when the hydraulic fluid in 
the dutches 22d and 23d of the fust and second plane- 
tary gear mechanisms 22 and 23 are chained and the 
hydraulic fluid from the hydraiic circuit (not shown) 
operates the rotation cinch SO. the rotation inputs from 
the first and second pianotory goar mecbartisjns £2 and 
23 to the output shaft 24 ere shut and the rotation of the 
motor output shaft 14 is inputted Instead. By freely 
switching the hydraulic power transmitting mechanism 
10 and the mechanicai power transmitting mechantem 
20 by the rotation dutch 30. the changing of the speed 
is achieved. In this case, the rotation clutch 30 plays the 
roD of the directly coupled dutch, ft fe obviously under- 
stood that two-stage gear change is achieved by sup- 
plying and draining the hydraulic fluid to/from the 
dutches 22d and 23d also in the mechanical power 
transmitting mechanism 20. 

The effects of the hydronriechanicat transmission 2 
according to the ernbc<firnent are as follows. Since the 
pump 11 and the motor 12 of the hydro^nechanical 
transmitting mechanism 10 are of the variable displace- 
ment type, non-stage transmission can be performed. 
Consequently, me following can be achieved. 

(1) Forward and reverse travel can be effidenfly 
switched. 

(2) Vvhenmediscrianjeoithepump11 is increased 
arid the dsptacenrtent of the motor 12 is contranly 
decreased, travel at a crawling speed white fuBy 
operating the working machine a can be realized. 

(3) when the discharge of the pump 11 te 
decreased and the displacement of the motor 12 is 
contranly increased, travel at a crawling speed wfth 
a high torque can be realized 

Whan there is a drive system in addition to the 
hydro-mechanical transmission 2, for example, a 
flow control valve 1 6 shown by a broken fine in Fig. 
1 is addtionaDy provided in the hydraulic circuit 
When me flow rate to tha motor 12 is restricted by 
the flow control valve 10 in a state where frie dis- 
charge of tha pump 11 is increased and the dis- 
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placement of the motor 12 Is also Increased, most 
of theflow rate from the pump 11 is BenttD the drive 
system except far the hydro-mechanical transmis- 
sion 2 and the hydro-mechanical transmission 2 
teetf can output a rotation at a crawling speed with 5 
a high torque while luPy operating the drive system. 
(4) The hydro-mechanical transmission 10 can be 
used tor the forward drive at the first Speed and the 
reverse drive, the tower speed rotation of the 
mechanical power transmitting mechanism 20 can 10 
be used for the second speed, and tie higher 
speed rotation can be used tor the third speed. On 
the other hand, by exclusively using the first and 
second planetary gear mechanisms 22, 23 by the 
mechanical power tra nsmitti ng mechanism 20. the 15 
hydraulic drive and the mechanical drive can be 
switched by one direct-coupled clutch 30. Conse- 
quently* the hydro-mechanical transmission 2 has 
an extremely simple structure, ft is obviously under- 
stood that the number of the first and second plan- 20 
etary near mechanisms 22 and 23 is not Bmrted to 
two. One or three or more of them can be also used, 
(n any case, it is sufficient to mount only one 
directty-coupled clutch SO. 

25 

As shown In Fig. 2.theo^ectly-<»upled dutch 30 is 
provided higher than the level H of the lubricating oil In 
the transmission case 26. Consee^entty. the direct! y- 
ooupted dutch 30 does not agitate the lubricating oil at 
the time of rotation, so that inconveniences such as 3D 
power transmission loss, splash and bubbfing of the 
lubricating oil, and the Kce caused by agitating the lubri- 
cating oil can be checked. It Is unnecessary to limit the 
directly-ooupled dutch 30 to the rotation dutch as 
shown in the embodiment 35 

Although the pump 11 is commonly used by the 
working machine 3 and the motor 12 In the hydro- 
mecnanica) transmission 2, a pump exdusrvefy used by 
tha working machine 3 can be also provided, to this 
case as well, smce the engine 1 as a power source fe <& 
only one, effects similar to the above can be obtained. 

INDUSTRIAL APPLICABILITY 

The present invention is useful as the hydro- 45 
mechanical transmission which can make full use of its 
advantages with a simple construction and can be used 
for the wheeled hydraulic excavator and the like. 

Claims 96 

1. A rydro-mecharticaJ transmission (2) in which a 
hydraulic power transmitting mechanism (10) hav- 
ing a hydraulic pump and a hydraulic motor and a 
mechanical power transmitting mechanism (20) ss 
using gears are swrtchably used, the speed of input 
rotation is changed, and the resultant rotation is 
generated. 
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charaderized in that the mechanical power 
transmitting mechanism (20) has at least one plan- 
etary gear mechanism, an output shaft (26) of the 
mechanical power transmitting mechanism is pro- 
vided In such a manner that its output can directly 
generated to the outside, the hydraulic pump (1 1) 
and the hydraulic motor (1 2} of the hydraulic power 
transmitthg mechanism (10) are of a variable c9b- 
ptacement type, and a tfrectfy-ooupled clutch (30) 
Is interposed between a motor output shaft (14) of 
the hydraulic power transmitting mechanism and 
the output shaft (24) of the mechanical power trans- 
mitting mechanism. 

The hydro-rnechanicaJ transmission accortfing to 
claim 1, characterized in that the directly-coupled 
dutch (30) Is arranged in ^position higher than the 
level of a lubricating oil wra transmission case (28) 
having therein tiiedlrecfly-coupled clutch. 

A hydro-mechanical transmission in which a 
hydraulic power transmitting mechanism (10) hav- 
ing a hydraulic pump and a hydraulic motor and a 
mechanical power transmitting mechanism (20) 
using gears are swrtchably used, the speed of Input 
retortion is changed, and the resultant rotation is 
generated. 

characterized in that the mechanical power 
transmitting mechanism (20) has a first planetary 
gear mechanism (22) and a second planetary gear 
mechanism (23), an output shaft (24) of the 
mechanical power transmitting mechanism is $0 
provided as to generate its output directly to the 
outside, the hydraulic pump (11) and the hydraufc 
motor (12) of the hydraulic power transmitting 
mechanism (10) are of a variable displacement 
type, one rotation dutch (30) is interposed between 
a motor output shaft (14) of the hydraufic power 
transmitting mechanism and the output shaft of the 
mechanical power transmflting mechanism, and the 
rotation dutch Is arranged in a position higher than 
the level of a lubricating oil in a transmission case 
(23) having therein the rotation dutch. 
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